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ABSTRACT
The 2200 A˚ bump is a major figure of interstellar extinction. Extinction curves with no bump
however exist and are, with no exception, linear from the near-infrared down to 2500 A˚ at least,
often over all the visible-UV spectrum. The duality linear versus bump-like extinction curves can
be used to re-investigate the relationship between the bump and the continuum of interstellar
extinction, and answer questions as why do we observe two different kinds of extinction (linear
or with a bump) in interstellar clouds? How are they related? How does the existence of two
different extinction laws fits with the requirement that extinction curves depend exclusively on
the reddening E(B − V ) and on a single additional parameter? What is this free parameter?
It will be found that (1) interstellar dust models, which suppose the existence of three different
types of particles, each contributing to the extinction in a specific wavelength range, fail to
account for the observations; (2) the 2200 A˚ bump is very unlikely to be absorption by some yet
unidentified molecule; (3) the true law of interstellar extinction must be linear from the visible to
the far-UV, and is the same for all directions including other galaxies (as the Magellanic Clouds).
In extinction curves with a bump the excess of starlight (or the lack of extinction) observed
at wavelengths less than λ = 4000 A˚ is due to a large contribution of light scattered by hydrogen
on the line of sight. Although counter-intuitive this contribution is predicted by theory. The free
parameter of interstellar extinction is related to distances between the observer, the cloud on the
line of sight, and the star behind it (the parameter is likely to be the ratio of the distances from
the cloud to the star and to the observer). The continuum of the extinction curve or the bump
contain no information concerning the chemical composition of interstellar cloud.
Subject headings: ISM: lines and bands; planetary nebulae: general — Physical Data and Processes:
astrochemistry — Physical Data and Processes: radiative transfer — Physical Data and Processes:
scattering — ISM: dust, extinction — ISM: lines and bands
1. Introduction
Early studies of interstellar extinction (Whitford
1958; Nandy 1964) soon made it clear that the
linearity of the visible extinction curve breaks to-
wards the UV, near 4300 A˚ (the so-called Nandy
knee (Wickramasinghe 1998)). The break is such
that extinction in the near-UV is less than ex-
pected from the continuation of the visible extinc-
tion curve. After 1970 observations from outside
the atmosphere, especially those taken with the In-
ternational Ultra-Violet Explorer (IUE) telescope,
completed the curve and revealed an even more
complex UV extinction. Particularly spectacular
is the absorption-like feature centered at 2175 A˚,
the 2200 A˚ bump, which interrupts the continuum
of the extinction curve approximatively between
1800 and 2500 A˚.
The 2200 A˚ bump, a central feature of inter-
stellar extinction, has become a subject of re-
search in its own right. The wideness of the
bump suggests a vibrational absorption band
of a complex molecule. No molecule has yet
been formally identified as the bump carrier
but several have been proposed: PAH (poly-
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Fig. 1.— The three types of observed interstellar extinction. The two upper F/F0 curves (linear extinction
laws, no bump) are found in low column density directions. First occurrences of departure from linearity,
middle spectra, arise in the far-UV, at slightly higher reddenings on the average. Bottom spectra correspond
to bump-like (CCM), most currently observed, extinction curves. The observation of any reddened star,
in the Galaxy or in the Magellanic Clouds, will fall into one of these three categories. There is no fixed
threshold of reddening that separates one type of curve from the other. The spectra have arbitrarily been
normalized in such a way that the exponentials (red lines) be 1 at 1/λ = 0. Y-axis are logarithmic.
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cyclic aromatic hydrocarbons) (Steglich et al.
2010), also thought to explain the far-UV rise of
the extinction curve (De´sert, Boulanger, & Puget
1990); ’GEMS’ (glass with embedded metal
and sulfides) (Bradley et al. 2005); ’buckyonions’
(Li et al. 2008); nanodiamonds in glassy carbon
shells (Yastrebov & Smith 2009); polycrystalline
graphite (Papoular & Papoular 2009); etc. How
these complex molecules manage to exist in suffi-
cient abundance in the interstellar medium is an
unanswered and troubling question.
This emphasis given to the bump has eclipsed
its relationship to the continuum of the extinc-
tion curve (Sect. 2.1) and may limit its under-
standing. The variations of any two points on
extinction curves with a 2200 A˚ bump, whether
they are in the bump region or not, are correlated
(Cardelli, Clayton, & Mathis 1989; Bondar, et al.
2006). This led Cardelli, Clayton, & Mathis
(1989) (hereafter CCM) to conclude that the
shape of an extinction curve with a 2200 A˚ bump
depends on the reddening E(B − V ) and on one
additional parameter only. But the nature of this
key parameter, essential to the comprehension of
interstellar extinction and of the bump, and too
quickly assumed to be the absolute V-band ex-
tinction to reddening ratio RV = AV /E(B − V ),
remains to be understood (Zagury 2012).
The existence of directions with no bump (up-
per and middle plots of Fig. 1), for which the linear
visible extinction1 continues below 4000 A˚, down
to the bump region or even in the far-UV, has also
been neglected. In the CCM framework no bump
means no reddening. The specific circumstances
(low column density directions, interstellar matter
close to the star, see Sect. 2.2), under which the
bump tends to disappear represent another chal-
lenge: how can interstellar molecules which absorb
at 2200 A˚ be absent in some interstellar clouds and
why, in this case, does the extinction law become
linear over the whole spectrum?
The nature of the 2200 A˚ bump will therefore
not be fully understood unless its relationship to
the continuum, and the absence of a bump in
some observations, be clarified. But regardless of
the bump problem, the interpretation of the con-
1Here and farther in the text ”linear” means that the ex-
tinction law is quasi-linear, that is it follows an 1/λp law,
with p close to 1 (Zagury & Turner 2012).
tinuum of interstellar extinction curves is itself a
source of conflict. First, the value of RV is in-
dependent of direction according to some studies,
while other studies argue that it varies even on
small angular scales (Zagury 2012). Second, as al-
ready foreseen in CCM, the existence of different
types of interstellar particles suggested by the dif-
ferent features of a UV extinction curve is difficult
to reconcile with a one parameter fit of normal-
ized extinction curves. In fact, all interstellar dust
models rely upon a minimum of six independent
parameters (in addition to E(B−V ), see Sect. 2.4)
instead of the single CCM one.
My purpose in writing this paper was to re-
examine the large amount of data now available on
interstellar extinction in light of the notable diffi-
culties mentioned above. In Sect. 2, I review the
constraints observations impose on the bump and
the continuum of interstellar extinction curves.
Sect. 3 to Sect. 6 investigate the implications of
these constraints.
2. Observational constraints
2.1. The CCM fit and the degrees of free-
dom of interstellar extinction
CCM in 1989, and recently Bondar, et al.
(2006), showed that the spatial variations of the
extinction at two different wavelengths (in the in-
frared to UV wavelength range) are correlated:
plots of Aλ − AV versus E(B − V ) in differ-
ent directions exhibit a linear relationship at all
λ. CCM deduced that normalized extinction
curves constitute a set of curves of 1/λ which
depend on only one, direction-dependent, param-
eter, Rccm. They derived an analytical fit for the
curves and assumed that RV was its free parame-
ter (Rccm = RV ), which is certainly not the case
(sect. 6 in Zagury (2012)). The question of the na-
ture of the free parameter of interstellar extinction
is still open.
The CCM fit of normalized extinction curves
is a purely empirical relationship. It is not al-
ways accurate (fig. 4 in CCM) and further applies
to most but not all observations. Two reasons ex-
plain its inaccuracy: the relationship the fit estab-
lishes between the bump and E(B − V ), and its
incapacity to reproduce linear extinction curves.
CCM implicitly assumed that the shape of the
2200 A˚ bump depends on E(B − V ) alone which
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can only be a first order approximation (Savage
1975). The CCM relationship only reproduces the
set of extinction curves with a bump (no bump
meansE(B−V ) = 0), while extinction curves with
no bump also exist, in the Galaxy as well as in the
Magellanic Clouds (Fig. 1). These curves, with no
exception, continue the linear visible extinction in
the UV, at least down to the bump region. Many
are linear over all the visible-UV spectrum and
markedly distinct from the mean Seaton Galac-
tic extinction law (Seaton 1979; Zagury 2001b).
Linear cures over the whole spectrum can be in-
cluded into a generalization of the CCM fit which
still depends upon a single parameter (next Sect.
and Zagury (2007)).
2.2. Linear extinction laws
The absence or a reduction in the expected size
of the 2200 A˚ bump is found in two circumstances:
low column density directions, and stars close to
the obscuring material (shell stars, planetary neb-
ulae). Planetary nebulae have little or no bump,
and when they do have a bump it is likely because
of the presence of a foreground cloud on the line
of sight (sects. 8-10 in Zagury (2005)).
IUE observations of nebulae illuminated by
nearby stars lead to similar conclusions. There
is no specific absorption at 2200 A˚ in the UV ob-
servations of nebulae: the spectrum of a nebula
deduces from the spectrum of its illuminating star
by the same linear law of 1/λ over the whole UV
spectrum (including the bump region) and must
continue the scattering law that should be found
in the visible (Zagury 2000). When there is a
bump in the spectrum of a nebula illuminated by
a nearby star, the bump exists in the same pro-
portion in the spectrum of the star and is due to
foreground interstellar matter.
Very low extinction directions also have a lin-
ear extinction over the whole visible-UV spectrum
(top plots of Fig. 1 and Zagury (2001b)). Those
directions exist in the Galaxy as well as in other
galaxies; they are observed at much larger redden-
ings in the Magellanic Clouds (Zagury 2007).
Extinction curves will nearly always be decom-
posed into a linear (over the whole spectrum) and
a CCM-like (with a bump) components (Zagury
2007). The CCM part of the extinction curve
and its free parameter are fixed by the size of the
bump. The bump is no more strictly related to
the total reddening of the star, as requested by
Savage’s observations (Savage 1975). This decom-
position provides a more general and considerably
improved version of the CCM fit which still relies
on a single parameter (in addition to E(B − V )).
2.3. The three types of extinction
Fig. 1 is a summary of the three different types
of UV extinctions which can be observed. The
F/F0 representation
2, which is what observation
most directly affords, was preferred to the tradi-
tional extinction curve [Aλ or E(λ − V ), that is
roughly −2.5 log(F/F0)] for reasons to appear in
Sects. 3 to 7. The y-coordinate is logarithmic, so
exponentials are straight lines.
The two top spectra are low column density di-
rections, one in the Galaxy, one in the Small Mag-
ellanic Cloud; the extinction curve is linear over
all the visible-UV wavelength range (F/F0 is an
exponential). The bottom plots are traditional,
most commonly observed curves with a bump. Be-
tween these two types, the two middle plots are
observed in directions of intermediate reddening:
the extinction remains linear down to the bump
region, and diverges in the far-UV. Extinctions of
this type also exist in the Magellanic Clouds (Sk-
69228 or Sk-70116, Zagury (2007)).
Any extinction curve will inevitably fall into
one of the three categories represented in Fig. 1.
There is no fixed threshold of reddening above
which extinction turns over from one type to the
other, from linearity to bump-like. Linear extinc-
tion curves are more easily found among very low
column density directions, curves with a bump to-
wards large reddening ones, but the amount of
reddening alone does not determine the type of
extinction curve. The star AzV18 in the SMC for
instance, with a reddening of 0.17 mag., has no
2200 A˚ bump (Fig. 1). A similar reddening in the
Galaxy would most certainly result in a significant
bump. The transition from linear to bump-like ex-
2F is the observed spectrum of the reddened star; F0 the
spectrum the star would have if it was not reddened. In
practice, only F1 (∝ F0), the spectrum of a non or slightly
reddened star of same spectral type, is available. The F/F0
spectrum can be normalized from F/F0(1/λ → 0) = 1
provided that p, the exponent of the quasi-linear law of the
visible extinction, is known. For the figures it has been
arbitrarily assumed that p = 1.
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tinction must be driven by a parameter other than
E(B−V ), necessarily the free parameter of inter-
stellar extinction.
2.4. Constraints on interstellar extinction
theory
Following the preceding sections, conservative
requirements for a rational explanation of the ob-
servations on interstellar extinction would be that:
• interstellar extinction depends on the red-
dening along the line of sight and on one
additional parameter which varies from di-
rection to direction;
• extinction curves are linear (from the visible
to the far-UV) for sufficiently low reddening;
• extinction curves are linear when the inter-
stellar matter is close to the star.
The expressions ”sufficiently low” in item 2 or
”close to” in item 3 are vague; they must be fixed
by the free, yet unknown, parameter of interstellar
extinction.
Existing dust models do not satisfy these con-
ditions. Any dust model will suppose the exis-
tence of at least three types of particles (large
grains, bump carriers, small molecules for the far-
UV rise), each responsible for the extinction in
a particular wavelength range. Since the weight
of each of the near-UV, bump, and far-UV fea-
tures varies with direction, the relative proportion
of each type of particles also needs to vary with
sight-line. The size distribution of the large grains
has to be truncated towards the small sizes, other-
wise the UV extinction curve would continue the
linear visible extinction law and there would be
far more extinction in the UV than observed. The
threshold of the truncation cannot be the same
whether the UV extinction curve is linear, partly
linear, or bump-like. It thus depends on direc-
tion. It must also depend on reddening (second
item above) and on distance from the stars (third
item).
In practice the work of Fitzpatrick & Massa
(1988) proves that any attempt to consider in-
terstellar extinction as the sum of three separate
extinctions, which is what a dust model formally
does, requires a minimum of five to six indepen-
dent parameters in addition to E(B − V ), in con-
tradiction with the first item above.
3. What alternative for the UV extinction
curve?
When extinction begins to depart from linear-
ity in the UV, either in the near-UV (fig. 14 in
Nandy (1964)) or in the far-UV (middle plots of
Fig. 1), the extinction curve F/F0 systematically
lays above the linear continuation of the visible
extinction curve. This deficiency in extinction has
been attributed to a modification of interstellar
grain properties, a change in the dust-size distri-
bution, and the apparition of two new kinds of
molecules. The other and unique alternative is
that the linear extinction of the direct light re-
mains unaltered, and that what we observe is an
additional contribution which has not been ac-
counted for yet. This contribution must be pro-
vided by the cloud itself.
In the latter alternative the direct light from
the star should follow the visible extinction law
over the whole spectrum, and therefore scale as
e−2E(B−V )/λ (λ in µm) (Zagury 2012). If light
from the cloud, presumably scattered starlight, is
added to the light from the star, the radiative
transfer equation
F
F0
= e−τλ (1)
which presides at extinction theory, is incomplete
and does not apply anymore to the observation of
reddened stars. Instead one must write
F
F0
= C0 (1 + fs) e
−αpE(B−V )/λ
p
(2)
Parameter αp depends on p only and will be de-
duced from eq. 11 in Zagury & Turner (2012). C0
should be 1 in absence of grey extinction, less
than 1 otherwise. fs represents the wavelength-
dependent proportion of scattered starlight. It
must increase, as extinction does, with E(B − V )
and wave-number. Both direct and scattered light
components follow similar paths and need to be
extinguished by the same amount of interstellar
dust (the C0e
−αpE(B−V )/λ
p
factor).
At very low reddening photons available for the
scattering are scarce, scattered starlight is negli-
gible and direct light from the star should dom-
inate over fs (fs ≪ 1). The extinction is then
linear over the whole visible-UV wavelength range
(upper plots of Fig. 1). When extinction increases
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Fig. 2.— Tentative decomposition of F/F0 for HD46223 into its components of direct (e
−2E(B−V ), with
p = 1, C0 = 1, Eq. 2) and scattered starlight (∝ e
−2E(B−V )/λ4, the bump region is omitted).
scattering will begin to show up in the far-UV first,
as observed (middle plots of Fig. 1). Increasing the
extinction even more will lead to the merging of
scattered starlight in the near-UV, and also, but
to lesser extent (Sect. 4), in the visible.
The free parameter of interstellar extinction de-
termines the departure from linearity of extinction
curves. It fixes the proportion of scattered light in
the observed spectrum of a reddened star and must
be included in the expression of fs. Since 2200 A˚
bumps always appear with scattered starlight, fs
also contains all the information on the bump.
The hypothesis of a contribution of forward
scattered starlight by the cloud to the spectrum of
a reddened star explains the observations of Fig. 1
and satisfies the two first items of Sect. 2.4.
4. fs’s continuum
fs increases with wave-number and reddening,
contains the wavelength dependence of the bump,
and depends upon a single parameter in addition
to E(B − V ). Fig. 1 shows that fs can be larger
than 1 in the UV (the intensity of the scattered
starlight is then larger than the intensity of the
star, even corrected for reddening). I have ini-
tially suggested forward scattering by interstellar
dust with a 1/λ dependence (Zagury 2000), but
the recent paper by Zagury & Pellat-Finet (2012)
shows that a significant quantity of scattered light
by gas is to be expected mixed to the light of a
reddened star, should its distance from the inter-
stellar cloud be large enough.
For a star whose spectrum follows a linear ex-
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tinction in the visible and has a large bump in the
UV one should find in the visible, where fs ≪ 1,(
F
F0
)
vis
≈ C0e
−αpE(B−V )/λ
p
(3)
In the far-UV, fs ≫ 1 and(
F
F0
)
uv
≈ C0fse
−αpE(B−V )/λ
p
(4)
E(B − V ) can be estimated from the visible part
of F/F0 and Eq. 3. The wavelength dependence of
fs in the far-UV will then be found from (Eq. 4)
fs ∝
(
F
F0
)
uv
eαpE(B−V )/λ
p
(5)
This method was applied to star HD46223 with
15 Mon (HD269698) as reference, two stars of
same spectral type for which reliable visible and
ultraviolet spectra were available (Zagury 2001a).
With p ≈ 1 (αp ≈ 2 with λ in µm), it was found
that outside the bump region the ratio of the two
spectra is correctly represented by (Fig. 2)
F
F0
≈ C0
(
1 +
cs
λ4
)
e−2E(B−V )/λ (6)
In the far-UV fs can be approximated by a 1/λ
4
power law. The function cs depends weakly
on wavelength in the visible and in the far-UV,
sharply in the bump region (Sect. 6).
This 1/λ4 dependence of fs can be checked in
the far-UV from any data-set of stars with a bump.
Since from Eq. 6
λ4
(
F
F0
)
far UV
∝ e−2E(B−V )/λ (7)
the product of λ4 times F/F0 for any star with a
bump should be close to an exponential of −1/λ,
e−2Euv/λ, in the far-UV. It is indeed observation-
ally verified that λ4×F/F0 follows an exponential
with, as expected, Euv ≈ E(B−V ) (Zagury 2002).
The 1/λ4 dependence of fs rules out forward
scattering by dust (scattering by dust would vary
as 1/λp, p ≈ 1). It implies Rayleigh scattering by
particles small compared to the wavelength, pre-
sumably hydrogen which represents over 90% of
interstellar clouds. Theory shows that a slab of
gas in-between a star and an observer will, pro-
vided that distances be large, act as a lens and
considerably enhance the apparent irradiance of
the star (Zagury & Pellat-Finet 2012). The co-
herence of the forward scattered starlight and the
size of the Fresnel zones on astronomical distances
are the two reasons which account for the impor-
tance of the light scattered by the slab. The wave-
length dependence (1/λ2) of the irradiance of the
scattered light indicated in Zagury & Pellat-Finet
(2012) does not match the 1/λ4 found above which
I attribute to the too elementary treatment of the
problem presented in the paper. The role of the
detection line (telescope + detector) and of dis-
tances was not investigated deeply enough and
needs to be incorporated.
5. The free parameter of interstellar ex-
tinction
The Zagury & Pellat-Finet (2012) article shows
that in order for scattering by gas to be signifi-
cant distances need to be large. Coherent scat-
tered starlight vanishes when the gas is close to
the star, as required by the third and last item of
Sect. 2.4.
It is this dependence on distances that cs should
include and which will determine the proportion of
scattered starlight in the observed spectrum of a
star. The free parameter of the extinction curve
must therefore be related to distances, presumably
to the ratio of the distances from the star to the
cloud and the cloud to the observer. The function
cs should also be proportional to the square of H-
atoms column density, that is to E(B − V )2.
Extinction in the direction of stars in the Mag-
ellanic Clouds can be separated into a linear and
a CCM-like (with a bump) parts (Zagury 2007).
The linear extinction is due to the reddening
within the Magellanic Clouds, since dust in the
Clouds is very close to the stars (compared to the
sun-M.C. distance). The CCM bump-like extinc-
tion on the other hand arises from Galactic cirrus
on the line of sight: the scattered light component
reaches a maximum when the star is infinitely far
away (Zagury & Pellat-Finet 2012).
6. The 2200 A˚ bump
Fig. 1 shows that the bump is associated to de-
parture of extinction from linearity, thus to the
presence of scattered starlight. It was therefore
noted at the end of Sect. 3 that the analytical ex-
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pression of the 2200 A˚ bump had to be included
in fs (or in cs). In Fig. 2 the bump is indeed
no deeper than the exponential decrease of the di-
rect light from the star, as if only the scattered
starlight, and all of it, was extinguished. Absorp-
tion by a molecule would not discern between the
scattered and direct lights from the star; the bump
is very unlikely to result from absorption, even
by a complex molecule. I see only two possible
explanations for the feature, a minimum in the
scattering cross-section of hydrogen or an interfer-
ence/diffraction effect. I found no ground for the
former possibility. The nature of the bump and
its analytical expression should appear naturally
in the exact derivation of the scattered light com-
ponent.
Noteworthy, the first known diffuse interstellar
band, the broad λ4430 band, is close to twice the
central wavelength of the bump (the ratio is ∼
2.03). The DIB, if it was a second interruption
of the scattered starlight, should be a few to over
10 % (fig. 2 in Zagury (2005)) of the light of a
reddened star3, which is the order of magnitude
observation suggests.
7. Discussion
A major obstacle to the understanding of inter-
stellar extinction lays in the difficulty to establish
good resolution extinction curves over the whole
infrared to UV wavelength range. Studies on in-
terstellar extinction are for practical reasons com-
partmentalized between the infrared, the visible,
and the UV. Data for the three domains are of
uneven quality and have little overlap. In the UV
the IUE database provides good resolution spec-
tra for hundreds of stars, in all regions of the
sky, but no such effort was made for the visible
and the infrared. Except for Divan (1954)’s spec-
tral and Nandy (1964)’s spectrophotometric stud-
ies in the visible, data in the visible/infrared con-
sist in a few data-points that sample the spectrum.
Observations are also made from the ground and
suffer from the difficulty to remove atmospheric
extinction (which furthermore mimics interstellar
extinction in the visible). In the infrared, interstel-
lar extinction is low, and uncertainties, or calibra-
3With a 1/λ4 dependence of the scattered light, the depths
of the bump (hB) and of the DIB (hD) would be related
by hD ∼ 0.06hB/(1 − hB).
tion problems, are probably often underestimated
(Zagury & Turner 2012).
The cross-section of interstellar grains shows a
1/λp (p ≈ 1) dependence in the visible (Zagury & Turner
2012). This extinction law probably extends to
the infrared. In some directions linear extinction
curves are also observed in the UV and must con-
tinue the linear curve in the visible. The determi-
nation of p is an issue on which depends the value
of RV . If, as observation indicates, linear extinc-
tion curves depend on the reddening E(B − V )
alone, p and RV must be the same constants in
all directions. Their determination is up to date
hampered by the absence of continuous extinction
curves over a sufficiently large wavelength range.
The ultra-violet region, although the best doc-
umented, is also the most complex one. Ob-
served UV extinction curves usually do not con-
tinue to be linear. New features appear, and
E(B − V ) is no longer sufficient to fix the
shape of an extinction curve. Empirical works
(Cardelli, Clayton, & Mathis 1989; Bondar, et al.
2006; Zagury 2007) have established that an ad-
ditional parameter is enough to reproduce all ex-
tinction curves. This parameter cannot be RV
(Zagury 2012). Observation also shows that the
transition of an extinction curve from its linear
to non-linear regimes, whether it happens in the
visible/near-UV (fig. 14 in Nandy (1964)) or in the
far-UV (middle plots of Fig 1), always appears as
less extinction than would be expected.
This paper attempted to prove that the only
way to reconcile these observational constraints
was to accept the idea that the light received
from the direction of a reddened star, when its
extinction curve has a 2200 A˚ bump, is not di-
rect light from the star alone, but contains a pro-
portion of starlight scattered by the cloud on the
line of sight. An extinction curve then depends on
the reddening and on the proportion of scattered
starlight, that is on two parameters, as observa-
tion requires. Since scattering, as extinction, in-
creases with wave-number (in the present case it
behaves as 1/λ4) it is less perceptible in the visible
and even less in the infrared: extinction in these
wavelength domains remains close to linearity and
depends on E(B−V ) alone. If the reddening is low
enough scattered starlight is negligible: the extinc-
tion curve is linear from the infrared to the far-UV.
When extinction increases scattered starlight will
8
show up in the far-UV first, as observed.
Theory does predict (Van de Hulst 1981; Zagury & Pellat-Finet
2012) that a large proportion of scattered starlight
should be mixed with direct starlight if the dis-
tances between the cloud, the star, and the ob-
server, are large. The free parameter of interstel-
lar extinction is linked to these distances. The last
requirement suggested by observation (Sect. 2.4),
that the extinction becomes linear when interstel-
lar matter is close to a star, is then also justified.
The bump observed in the extinction curves of
stars in the Magellanic Clouds for instance, comes
from cirrus in the Milky Way, not from interstel-
lar matter in the Clouds. The bump appears with
the scattered light component only and does not
extinguish more than the scattered starlight. It is
therefore very unlikely to be absorption by some
kind of yet unknown molecule.
The free parameter of the extinction curve thus
has nothing to do with interstellar grain prop-
erties. The continuum of interstellar extinction
does not contain any information on the composi-
tion of the particles which extinguish starlight. It
doesn’t teach us anything about interstellar chem-
istry: observations of interstellar extinction which
diverge from linearity in the UV are a problem
of optics, not of the chemistry of the interstellar
medium.
Three main reasons have contributed to the
non-recognition of the presence of scattered
starlight in the spectrum of reddened stars. A
first reason is the standard representation of ex-
tinction curves (roughly −2.5log(F/F0) ≈ τλ,
Eq. 1), adopted from the very beginning: scat-
tered starlight is far more easily identified on a
F/F0 plot (as in Fig. 1) than from the negative
of its logarithm (as extinction curves are usually
represented); furthermore, this is what observa-
tion directly provides. A second reason is that the
magnitude of the scattering is also unexpected and
counter-intuitive: it implies that more light can
be received from the direction of a star when it is
observed behind a cloud of hydrogen than there
would be without the cloud. The last reason is
the lack of a reliable data-base of spectra in the
visible, free from atmospheric extinction. Plots of
F/F0 curves over the whole visible-UV spectrum
could have highlighted the relationship between
the exponential decrease of interstellar extinction
in the visible and its divergence with observation
in the UV.
Th consequences of the present work on in-
terstellar extinction theory can be summarized as
follows4:
• The exact interstellar extinction law is lin-
ear over all the visible-UV spectrum. It is
the same law for all directions, including di-
rections in the Magellanic Clouds, and pre-
sumably for all galaxies.
• Observations of the spectrum of reddened
stars depend on two parameters: 1) the
quantity of interstellar matter, measured
by the reddening E(B − V ) (extinction de-
pends on E(B − V ) and scattered starlight
on E(B − V )2); 2) the distances of the
cloud to the star and to the observer.
The ratio of these distances fixes the im-
portance of starlight scattered by the gas
in the observed spectrum of a reddened
star. Interstellar extinction observations
thus contain some (though probably loose
(Zagury & Pellat-Finet 2012)) information
on distances.
• RV is likely a constant. It is related to the
best power law that describes linear extinc-
tion curves. Spectral observations covering a
large wavelength range will likely determine
its value.
• The bump is not an absorption feature. It
corresponds to an interruption of the scat-
tered light component in the spectrum of
reddened stars. It may be related to some
of the diffuse interstellar bands.
• Neither the continuum of the extinction
curve nor the 2200 A˚ bump can be used
to constrain the chemistry or the molecular
composition of the interstellar medium.
The exact, physically meaningful, fit of interstellar
extinction curves remains to be established.
4Another consequence -the implication of a scattered
starlight component in the spectrum of reddened stars
for distance estimates- would need further investigations.
Scattered starlight attenuates the impression of reddening.
Photometric distances to reddened celestial objects may
then be overestimated.
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